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(57) A cyan ink, for ink jet recording, capable of real- 
izing good lightfastness and waterfastness and, in addi- 
tion, capable of realizing a good image, especially an 
image having good hue, and an ink set comprising the 
above cyan ink in combination with a magenta ink and a 
yellow ink are provided. The use of a combination of C. I. 
Pigment Blue 60, 22, 64, or 21 with C.I. Pigment Blue 15 



: 3 as a cyan ink enables the formation of a good image. 
An ink set comprising this cyan ink composition in com- 
bination with a yellow ink comprising C.I. Pigment Yel- 
low 109 and C.I. Pigment Yellow 1 10 and a magenta ink 
comprising C.I. Pigment Red 122 or C.I. Pigment Red 
209 can realize a good image. 
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Description 

BACKGROI iND OF tu E INVENTION 
5 Field of the Invention 



inkcZ^ ink -^003 for Inkjet receding, an ink set comprising the 

a recording ^^^SSSSS " * S ° Ui ° n an ink <»"* ositi °" «• depositedonto 
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a recording medium to conduct printing. 
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position lor H, j« reoordina a toZTn£tS%2£ ZZZ?? "a""** *• """a™ "Sad in the ink com- 

dance, and goid tl >'aah.v e bean US edb=a us aoflhai,hi9hch ro n»,abun- 

•* szz sees "ssr«rs^ M rTr' -* ^ p ** — 

water. Thus, when the use of a pigment in an anJxZ £k ™« • 9 P^ents ar e generally insoluble in 

ing have hitherto been i^^n^ln?^^ T ^ Ma "* d,s P ersi "9 systems and inks for Inkjet record- 
ink composition corrprisin^ P f nt f*"*« N °- 252467/1991 proposes an 
Patent Laid-Open No 79680/199 diSoJSS ZZtSSXZ f ' e -. capr0,actum ' and a Pigment. Further. Japanese 
copolymer, and a copper SKEjJS^^ COmP ° S,t,0n C ° mpr,S ' n9 30 aqueous medium ' a styrene/maleic acid 

T^fnStS^n wh>? Pi9 ? ieP ! S in inkS for ink j6t feCordin 9 ranae from b, *<* inks to color inks 

Japanese Patent Laid-Open No IS 2 S^3 t£52SS2^. W %T ^ reCen " y pr0p0sed ' for exam P ,e ' in 
combines with the dye to^J^^^J^^T 06 ^ te * e po,yvalent metal ion 

free from color bleeding P "* Wh ' Ch ° an 0ffer an ,ma 9 e havin 9 waterfastness and high quality 

so^Mm^Xglp^ 

aggtomerated^hthesalt. ^SS^SS^m^S^^- \ ^ ** " bein9 ***"»* 0r 

density and free from color bleedi^freaS ?n th^ fSSTi. ! h ' gh ^ Ual,t >' co,or ima 9 e ha ™9 a high image 
an ink composition as sec^Tnti in Sder To yS^ST' * 3 M " 3 Sa,t 35 « and 

and the waterfastness but hue shouW fte s^ic en^dilt ! .I"*' 6 * not ° nly the '^tfastness 

age stability of ink composifons Zhrtno 2 2 ^ 7? SU .° h 35 «9 htfastness - waterfastness. and stor- 
hue of the ink composition inSinTSem S Z cLllt h be " StUdied Hwww - on *• 

ing method are made unsatisSy " " ^ °" h# "* com P° sitio " ^en used in the Inkjet record- 
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low ink composition with otht color U com^Si^ 

these ink compositions, when us*" an ESSKtZ^ ,OUnd 
soiution and an ink composition are deposit to cJSSSS S^St^T " ' 

Accord,ng,y. an object of the present invention is toprovide ^yan ari for Inkjet recording 
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which can realize good lightfastness and waterfastness and, in addition, good images, especially images having good 
hue. 

Another object of the present invention is to provide an ink set, for ink jet recording, which can realize good light- 
fastness and waterfastness and, in addition, good images, especially images having good hue. 
s A further object of the present invention is to provide an ink jet recording method, using two liquids, which can real- 

ize good lightfastness and waterfastness and, in addition, good images, especially images having good hue. 

According to one aspect of the present invention, there is provided a cyan ink composition comprising at least one 
pigment represented by the following formula (I): 




O 



25 wherein x is an integer of 0 to 3; or, 

a pigment represented by the following formula (II): 



30 



35 



40 



45 




(«) 



or a mixture of the pigment represented by the formula (I) with the pigment represented by the formula (II). 

According to another aspect of the present invention, there is provided a yellow ink composition for ink jet recording, 
so comprising a pigment represented by the following formula (III): 



55 
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(in) 
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30 



is the above cyan ink !»^Z2^3E^ 3 "* C ° mPOSiti ° n ' " h ™ ta the <* a " ink 

a cya A nrXi;r: r ^l^ «T» iS ^ m " ~ for ink ' 6t reco ^ comprising 

is the above yeL ink compSn ?i%£%£2^ "* COmP ° S * 0a ,he yellOW ink com P° s "°" 

ing a^tk^ * an ink set tor ink jet recording, compris- 

is the above cyan kSSSZSJT p2S^ ? ^ Wherein the <*» ink composition 
position of the present invention P thS ye "° W ,nk is the above yellow ink com- 

thea^el^ 

the reactant breaks the state of dispersion and/or dissolution of the pigment to cause agglomeration. 
BRIEF DESCRIPTION! Qf THE DRAWIM^Q 

retorting haad through an irS? " "* 00, ^ os "»" « " reaction solution into a 

position has bean ptlnnad on tb, depoS^S ISScT nme '« ,32s " J '« ed "9*=n »h ere »„„ k oonv 

S^^SSSSI? ,eeo,ain9 a,;<!< " c " n9 10 - • — • - **» 

DETAILFD nFgrpi PT . n N OF THF IMVgKmrtK , 
50 Cyan ink cnmpncfri™ 

rasantad by „a tormub ,„ Lb ^a p^ani IKEaES^*""* '"> " ' °* ,ne - 

Specrf.c examples of pigments represented by the formula (II) include C.I ' Pigment Blue 15 • 3 



40 



45 
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the cyan ink composition of the present invention, color shading observed in the printing obtained with an ink composi- 
tion using only the pigment represented by the formula (II), especially C.I. Pigment Blue 15:3, can be unexpectedly 
eliminated by combining the pigment represented by the formula (II) with the pigment represented by the formula (I), 
especially C.I. Pigment Blue 60, 22, 64, or 21. This also is an advantage of the present invention. 

5 The ratio of the content of the pigment represented by the formula (I) to the pigment represented by the formula (II) 

is preferably in the range of from about 1 : 2 to 1 : 10, more preferably about 1 : 2 to 1 : 8, most preferably about 1 : 2 
to 1 : 5, in terms of the weight ratio. 

The cyan ink composition according to the present invention comprises water in addition to the pigment. The 
amount of the pigment added to the cyan ink composition is not limited but may be determined in such an amount range 

w as will realize good waterfastness and lightfastness and, in addition, an image having good hue. For example, it is pref- 
erably not more than 6% by weight. 

In the present invention, preferably, the pigment is added, as a pigment dispersion which is previously prepared by 
dispersing the pigment in an aqueous medium with the aid of a dispersant or a surfactant. Preferred dispersarrts include 
those commonly used in the preparation of pigment dispersions, for example, polymeric dispersants. 

15 According to a preferred embodiment of the present invention, the cyan ink composition further comprises an 

organic solvent. The organic solvent is preferably a low-boiling organic solvent. Preferred examples of low-boiling 
organic solvents usable herein include methanol, ethanol, n-propyl alcohol, iso-propyl alcohol, n-butanol, sec-butanol, 
tert-butanol, iso-butanol, and n-pentanol. Monohydric alcohols are particularly preferred. The low-boiling organic sol- 
vent has the effect of shortening the time taken for drying the ink. 

20 Further, according to a preferred embodiment of the present invention, the ink composition further comprises a 

high-boiling organic solvent. Preferred examples of high-boiling organic solvents usable herein include polyhydric alco- 
hols such as ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene glycol, propylene 
glycol, butylene glycol, 1 ,2,6-hexanetriol, thioglycol, hexylene glycol, glycerin, trimethylolethane, and trimethylolpro- 
pane; alkyl ethers of polyhydric alcohols, such as ethylene glycol monomethyl ether, ethylene glycol monobutyl ether, 

25 diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monobutyl ether, triethylene 
glycol monomethyl ether, and triethylene glycol monoethyl ether, and triethylene glycol monobutyl ether; urea, 2-pyrro- 
lidone, N-methyl-2-pyrrolidone, 1 .3-dimethyl-2-imidazolidinone, and triethanolamine. 

The amount of the low-boiling organic solvent added is preferably in the range of from 0.5 to 10% by weight, more 
preferably in the range of from 1 .5 to 6% by weight, based on the ink composition. The amount of the high-boiling 

30 organic solvent added is preferably about 0.5 to 40% by weight, more preferably about 2 to 20% by weight. 

According to a preferred embodiment of the present invention, the cyan ink composition comprises a surfactant. 
Preferred examples of surfactants usable herein include anionic surfactants (for example, sodium dodecylbenzenesul- 
fonate, sodium laurate and an ammonium salt of a polyoxyethylene alkyl ether sulfate); nonionic surfactants (for exam- 
ple, a polyoxyethylene alkyl ether, a polyoxyethylene alkyl ester, a polyoxyethylene sorbitan fatty acid ester, a 

35 polyoxyethylene alkyl phenyl ether, a polyoxyethylene alkylamine, and a polyoxyethylene alkylamide). They may be 
used alone or as a mixture of two or more. Further, it is also possible to use acetylene glycol (OLFINE Y and Surfynol 
82, 104, 440, 465, and 485 (all the above products being manufactured by Air Products and Chemicals Inc.). 

According to a preferred embodiment of the present invention, the cyan ink composition comprises a resin emul- 
sion. The term "resin emulsion" used herein refers to an emulsion comprising water as a continuous phase and the fol- 

40 lowing resin component as a dispersed phase. Resin components as the dispersed phase include acrylic resin, vinyl 
acetate resin, styrene/butadiene resin, vinyl chloride resin, (meth)acrylate/styrene resin, butadiene resin, styrene resin, 
crosslinked acrylic resin, crosslinked styrene resin, benzoguanamine resin, phenolic resin, silicone resin, and epoxy 
resin. 

According to a preferred embodiment of the present invention, the resin is a polymer having a combination of a 
45 hydrophilic segment with a hydrophobic segment. The particle diameter of the resin component is not particularly lim- 
ited so far as the resin component forms an emulsion. It, however, is preferably not more than about 1 50 nm, more pref- 
erably about 5 to 100 nm. 

The above resin emulsion may be prepared by subjecting a monomer(s) for forming a contemplated resin to dis- 
persion polymerization in water optionally in the presence of a surfactant. For example, an emulsion of an acrylic resin 
so or a styrene/acrylic resin may be prepared by subjecting an ester of (meth)acrylic acid or alternatively an ester of 
(meth)acrylic acid in combination with styrene to dispersion polymerization in water optionally in the presence of a sur- 
factant. In general . the ratio of the resin component to the surfactant is preferably about 1 0 : 1 to 5 : 1 . When the amount 
of the surfactant used falls within the above range, it is possible to provide an ink composition which has good water 
resistance in the form of an image and good penetrability. Although the surfactant is not particularly limited, preferred 
55 examples thereof include those described above. 

The ratio of the resin as the component constituting the dispersed phase to water is suitably 60 to 400 parts by 
weight based on 100 parts by weight of the resin with 1 00 to 200 parts by weight, based on 1 00 parts by weight of the 
resin, of water being preferred. 

Known resin emulsions may also be used as the above resin emulsion. For example, resin emulsions described in 
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20 



iTrlT 5 * Pat6nt Publication No- 1426/1987 and Japanese Patent Laid-Open Nos 56573/1901 7qfi7fl/i QQ1 
160068/1991. and 18462/1992 as such may be used as the resin emulsion in 2^^221 79678 ' 1 " 1 ' 

and TSssmaas! y - avai,able T in emuisions may a,s ° be ^ and exam p ,es tnere ° f ™^ M^e. e-i 002 

and E-5002 (styrene/acryl.c res.n emulsion, manufactured by Nippon Paint Co.. Ltd ) Voncoat 4001 (acrvlic resin Pmul 
s,on, manufactured by Dainippon Ink and Chemicals, Inc.). Voncoat 5454 (styreneTa^Sn tSSSSSSS 

uJ^ST- !"£ o^T iCa ' S - ' nC ) - SAE - 10U (^"^rylic resin emulsion. niufacL* b S£n 
Ltd.), and Sa. Vl nol SK-200 (acrylic resin emulsion, manufactured by Saiden Chemical Industry Co LW) 

thorl c T k, Com u D ° S ' ti0n accordin 9 to th e Present invention, the amount of the resin emulsion incorporated 
therem ,s preferably such that the amount of the resin component is in the range of from 0 1 to ™i Zy weloht mS 

in th. fn^ 9 10 3 Prefer , red enibodiment * P re ^nt invention, the ink composition contains a thermoplastic resin 
minimum film forming fempemfor. (MFT) in foe form of an elision of the foeZpTaeJc rSn fo £ o.^oi £1£ 

p^^oSer^:r,r^ 

Specrf.c examples of water-insoluble thermoplastic resins include, but not limited to oolvacrvlic acid nnivnwh 
acrl^T'/H 3 '! H St6r ° f P °T ethaCryliC acid " P^lacrylic acW, a styrene/butadiene ^ 

f f ; ene 1 COPO,ymer 3 Chlor °P rene «»POlymer. a fluororesin. po.yvinylidene fluoride pofyoS^n el 
lulose. a styrene/acryhc acd copolymer, a styrene/methacrylic acid copolymer polystyren , a ^^a^liSL 
copolymer, po.y.sobutyl acrylate. polyacrylonitrile. polyvinyl acetate, polyTyl acetal polyam.de Tost res^ poSl 
ene. a polycarbonate, a polyvinylidene chloride resin, a cellulosic resin, a vinyl acetate r2n^XLSK2SL" 

inu O n t C n C0rd '!l 9 10 3 Pre ! 6 JI ed embodim ent of the present invention, the cyan ink composition according to the present 
mvention contains a sacchande. Examples of saccharides usable herein include monosaccharides ^dSSnaridefoS 
gosacchandes (,nclud,ng tnsaccharides and tetrasaccharides). and other polysaccharides Prefer^rqTuSf m^n 

sucrose, trehalose, and maltotnose. The term "polysaccharide" used herein refers to saccharides in a broad sen J 

^SSSTS^^T^ - ^ ^ he natural worw ' such as <** acid - «^ss^"ciss; 

Derivatives of these saccharides include reducing sugars of the above saccharic nnr cvamni. « . u , 
represented by the genera, formula HOCH 2 (CHOH) n CH 2 OH whe^ a ES£3 ^ '^2 
example, aldon.c acid and uronic acid), amino acid, and thiosugars. Sugar alcohols a^e particu.a iv Te en^ a^d ™ 
crfic examples thereof include maltitol and sortsitol particularly preferred, and spe- 

- weig^bSro^nf" 6 " ""^ ^ * ^ ° 1 1 ° 40% b * ^ P™*** «* * 30% by 

Further, if necessary. pH adjusters, preservatives, antimolds and the like may be added. 
Yellow ink comnnRitirfn 

foeSSCc'^^^^ 

The yellow ,nk composition according to the present invention comprises water in addition to the above pigment. 
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The amount of the pigment added to the yellow ink composition is not limited but may be determined in such an amount 
range as will realize good waterfastness and lightfastness and, in addition, an image having good hue. For example, it 
is preferably not more than 6% by weight. 

As the cyan ink composition, the yellow pigment may preferably be added to the ink composition as a pigment dis- 
5 persion which is previously prepared by dispersing the pigment in an aqueous medium with the aid of a dispersant or a 
surfactant. Preferred dispersants include those commonly used in the preparation of pigment dispersions, for example, 
polymeric dispersants. 

Further, as the cyan ink composition, the yellow ink composition according to the present invention preferably fur- 
ther comprises additives such as an organic solvent, a surfactant, a resin emulsion, a saccharose, a pH adjustor, a pre- 
10 servative, and an antimold. Specific examples thereof and the amount thereof added may be the same as those 
described above in connection with the cyan ink composition. 

Ink set 

r5 The ink set according to the present invention basically comprises a cyan ink composition, a magenta ink compo- 

sition, and a yellow ink composition, the cyan ink composition being the above cyan ink composition of the present 
invention. 

The ink set according to another aspect of the present invention basically comprises a cyan ink composition, a 
magenta ink composition, and a yellow ink composition, the yellow ink composition being the above yellow ink compo- 
se sition of the present invention. 

The ink set according to a further aspect of the present invention basically comprises a cyan ink composition, a 
magenta ink composition, and a yellow ink composition, the cyan ink composition being the above cyan ink composition 
of the present invention, the yellow ink composition being the above yellow ink composition of the present invention. 
The ink set according to the present invention can realize good lightfastness and waterfastness and, in addition, an 
25 image having good hue. 

In the ink set according to the present invention, the magenta ink composition is not particularly limited so far as it 
is not detrimental to the above good properties of the cyan ink composition and the yellow ink composition. However, a 
magenta ink composition comprising the following pigment as a colorant is preferred. 

Specifically, a preferred magenta ink composition comprises, as a colorant, a pigment represented by the following 
30 formula (IV): 




45 wherein X 1 to X 10 each independently represent a hydrogen or chlorine atom or a methyl group. 

Specific examples of pigments represented by the formula (IV) include C.I. Pigment Red 122 which is a pigment 
represented by the formula (IV) wherein X 2 and X 7 represent a methyl group and the other substituents X 1f X 2 to Xq, 
and X 8 to X 10 represent a hydrogen atom and C.I. Pigment Red 209 which is a pigment represented by the formula (IV) 
wherein X 3 and X 8 represent a chlorine atom and the other substituents X 1( X 2 , X 4 to X 7 , and X 9 and X 10 represent a 

so hydrogen atom. 

The ink set using the above magenta ink composition can realize a good color image. 

According to a preferred embodiment of the present invention, there is provided an ink set including the combina- 
tion of the magenta ink composition containing C.I. Pigment Red 122 or 209 and the cyan ink composition containing 
C.I. Pigment Blue 60 as a pigment represented by the formula (I) or C.I. Pigment Blue 15:3 as a pigment represented 
55 by the formula (II). 

According to a preferred embodiment of the present invention, the concentration of the magenta pigment in the 
magenta ink composition and the concentration of the yellow pigment in the yellow ink composition each are higher than 
the concentration of the cyan pigment in the cyan ink composition. More preferably, the pigment concentration is not 
more than 6% by weight for all the ink compositions and the ratio of the pigment concentration (% by weight) of the cyan 
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ink composition to the pigment concentration (% by weight) of the maoenta ink * 

ton (% by weight) of the yellow ink composition is 1 1 to 2 llTS^ST ^ P ' 9ment Concentra - 
further improved hue can be realized. ' ' Acc ° rd "i9 to th.s embodiment, an image having 

The magenta ink composition constitutinq the ink set acenrriinn fr> • 
addition to the above pigment The amount of the ^m!nt ^2.7 £ ? ,nvent,0n comprises at least water in 
mined in such an amount rlige asXe^eSw^SfSSl? h ; nk ^ om P° srtion is n °» but may be deter- 
good hue. For example, it is S lX^S, 8 " h9htfaStneSS "* ^ an imaQ - 

inventCL e ra C o";he SSST^^ ""S?" 8 ^ «« to »» ^ 

medium with the aid of a dfspersanl ^S^TTJ^ST^ "T^ * diSperSinQ * e pigment in an a C ueou * 

pres^Tn^ COmpOSrti ° n *. ink set according to the 

saccharose, a pH adjuster a pr^ *" ° r9an ' C SOh ' ent ' a surfectant ' a ««" emulsion, a 

~esam^e^ 

Ink iet recording met hod using twn liq.,iri c 
Con^o^ 

using "two liquids" can offer ateTeMnSoe . 2 f ^ ? ° Pr6Sent inVGr1ti0n With the recordin 9 ^thcd 
recording medium TheTe m"%a^^ . compos.t,on in the ink set of the present invention onto a 

considered to d*JE^25d£ £^32^ other components. The agg,omerate * 
or feathering and unevenness. Further, advStag^ and , no si 9"*<*nt deeding 

-ep^^rS * ^ int ° The 

before or after the depo^on *"h 3 sZS onto Z r^ 9 ^'""11° reCOrd a " ima9e ^ be conducted ei « h ^ 
ingafterthedepos^noft^ 

alter^vTmS S'dTosS £ £2 ^ 2" T * * C ° mP ° Siti ° n iS deposited ' « 

sumption of the reaction'solufon anThence ^ k " ^ minimi2e the Con " 

and the ink composition should be depirSj omol T 0 * ^ b ° th reaction 80lu,ton 

the latter method, the requirement for^faccuracv o^h^t ^ h *"* C6rtain aCCUracy - °" tne other hand - in 
composition is reduced as co^arS iith tne oZ^l^T * k^ 0 ' 1 ° f the reaCtion solution and the ink 
large amount of the reaction sTutS T^^T^T^l meth0d iS disadva ^9eous in that a 
used as the recording medium to * lEj^™ cI^TS "T °* 'f^" 9 Causin 9 when 

taking into consideration a combVnatbn o tne JS^ff JS? 1 * ?* 7 -hod * US6d may be d *«™ed by 
tion solution may be deposited by tneTk £ *" ^ the reaC " 

thec^l^ 

other components. com P° nents ,n th * ,nk compos.t.on and can agglomerate the colorant component and the 

a J^sZt^TZ^r USab ' 6 in PreS6nt inVenti ° n aS tha ««. a PO'wa-ent metal salt. 

mJ^a^ 

metallic ions include divalent wSSK^^^S? S M n ♦ ? ^ Watar B S 2 peCific exam ' ),es of P o1 ^ 
as Fe 3 + . and Cr3- Anions inc.ude CI N0 3 . I" Br" ' S> 3 : andCH COO ' triVa ' 6nt meta " iC i0nS ' SUCh 

tion^Xf^ 
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The concentration of the polyvalent metal salt in the reaction solution is not limited but may be determined so as to 
attain the effect of providing a good print quality and preventing clogging. It, however, is preferably about 0.1 to 40% by 
weight, more preferably about 5 to 25% by weight. 

According to a preferred embodiment of the present invention, the polyvalent metal salt contained in the reaction 
s solution is constituted by divalent or higher polyvalent metallic ions and nitrate ions or carboxylate ions bonded to the 
polyvalent metallic ions and is soluble in water. 

The carboxylate ions are preferably derived from a carboxylic acid selected from the group consisting of a saturated 
aliphatic monocarboxylic acid having 1 to 6 carbon atoms and a carbocyclic monocarboxylic acid having 7 to 11 carbon 
atoms. Preferred examples of the saturated aliphatic monocarboxylic acid having 1 to 6 carbon atoms include formic 
10 acid, acetic acid, propionic acid, butyric acid, isobutyric acid, valeric acid, isovaleric acid, pivalic acid, and hexanoic 
acid. Among them, formic acid and acetic acid are particularly preferred. 

A hydrogen atom(s) on the saturated aliphatic hydrocarbon residue in the monocarboxylic acid may be substituted 
by a hydroxyl group. Preferred examples of such carboxylic acids include lactic acid. 

Preferred examples of the carbocyclic monocarboxylic acid having 6 to 1 0 carbon atoms include benzoic acid and 
75 naphthoic acid with benzoic acid being more preferred. 

The polyally famine and polyallylamine derivative usable in the reaction solution are cationic polymers which are 
soluble in water and can be positively charged in water. Such polymers include, for example, those represented by the 
following formulae (a), (b), and (c). 

CH2 (a) 
NH2 



20 



25 



— (-CH2 CH-k- 

30 I 

CH 2 ( b ) 
NH3V 



35 



— tCH 2 — CH-CH-^ 
CH2 CH2 



(c) 



45 

wherein X" represents a chloride, bromide, iodide, nitrate, phosphate, sulfate, or acetate ion. 

In addition, a copolymer of an allylamine with a diallylamine and a copolymer of diallylmethylammmonium chloride 
with sulfur dioxide may also be used. 

The content of the polyallylamine and the polyallylamine derivative is preferably 0.5 to 1 0% by weight based on the 
so reaction solution. 

According to a preferred embodiment of the present invention, the reaction solution may contain a wetting agent 
comprising a high-boiling organic solvent. The high boiling organic solvent can prevent the reaction solution from being 
evaporated, preventing clogging of a recording head. Preferred examples of high-boiling organic solvents include poly- 
hydric alcohols such as ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene glycol, 
55 propylene glycol, butylene glycol. 1 ,2,6-hexanetriol, thioglycol. hexylene glycol, glycerin, trimethylolethane, and trimeth- 
ylolpropane; alkyl ethers of polyhydric alcohols, such as ethylene glycol monoethyl ether, ethylene glycol monobutyl 
ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monobutyl ether, trieth- 
ylene glycol monomethyl ether, and triethylene glycol monoethyl ether, and triethylene glycol monobutyl ether; urea, 2- 
pyrrolidone. N-methyl-2-pyrrolidone, 1 ,3-dimethyl-2-imidazolidinone, and triethanolamine. 
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5 iso-propy. alcohol, n-butanol .JSOSS ter« b^aToUso ££Z £7 ""Sf 6 T^" 0 '' eth3n °'' a,coho1 ' 
larly preferred. The low-boiling orqanTcsolU^ n-pentanol. Monohydric alcohols are particu- 

The amount of the low-bSc ^^^S^l Z^^T" 9 ^ teken for dryin 9 the ink composition. 
erab.y in the range of from 1 5 tSS I by weight P * *" * fr0m 0 5 to 10% * ™ a 

alcohols such as methanol ethano and is^oS a.SS as » a "'°™. cationic, and amphoteric surfactants; 

ene glycol monomethy. ^^^^Tc^^^fJY of P<W alcohols, such as ethy.- 

«ss dbr ether - ,rie,hylene 9,yco1 

fiona^a^S^^^ 

a recording head 1 is communica^ w^an S tank p ^ I ^ COrd,ng head ****** ™ »"k tube. Specifically, 

and a chamber for an ink cor^^^ The interior of the ink tank 2 is partitioned' 

sitions, and a chamber for a rL^iSl^ jSSS ™P«*v-y *" 3 ***** °' C °'° r ink COm ^ 

hand^trror^ - « **> « • by a motor , On the other 

In this embodiment, a cap 10 is provided Asudm aimn i? ^ 9 * 3 P0Srti ° n facing ,he recordin 9 head 1 • 

nozz^^^ haad ^'n ^ drawing, the surface of a 

gitudina. direction. On the other hand *e ^2jSSSr£ ^ T'" 9 ,hereaction so,ution is P«*W h the Ion- 
composition, a magenta ink compSon j2n ink SSSS? ? ^T 8 '!™ * indiCated by 1c " and a j <* 
through nozzles 22 23 24 and 25 composrtion, and a black ,nk composition are ejected respectively 

pi 9 . ^^^sTftsss ssssssss? shown in r i9 - 2 win be described wi » « - 

is ejected through the nozzle 2! Zm nSSSSSS^ a ™ A during whjch ^ ^ 
7. Subsequently, the recording medZ 7 s SSlSJE^Sf ^ r69 ' 0n 3 3 ^ form °" the recordin 9 medium 
B, during which time the r«o M nTh^H ;^"".ri^ eaeterm, " ed extent in •» Action indicated Dy an arrow 
to the left end of the recording medium 7 VS£ reooS h3S * that | ndicated b * tha a ™ A and returned 
reaction solution-deposited region 31. ^f^^T^n^ ^ ** COmp0Si,ion on the 

to c^t^J^^^^^^^ ^ 10 «™» a " «— * th. lateral direction 
a yellow ink composition, a 2g^^^T^lt^ den ° ted by 41a and 41 b > and 

respectively through nozz.es 42 4^4^^ 3 " d 3 b,ack ink opposition are ejected 

1 , when reciprocated on the car iaoe ^'^„h1 ?^ according to th.s embodiment, the recording head 

,ensi:rr ge ?dr^ a ^ 

of the reaction solution and t^e ink c^s^T m T^Zl^l^ ° f ° rder ° f 

satisfactory results. For example in thedrawina ^JTl^ ! P ° V,S ' 0n ° f 3 SlnQ,e ejection n02zle suf,ice s *>r 
«on in size of the head and a SS£5£SS X°g t ei ^ ""^ ThiS COntnbUte t0 3 reduc " 

5* ina^SS^ 

apparatus using such an ink tank is show^ * KSSj Sesame nSnt^^ ^ * r6COrdin9 
in Fig. 1 have the same reference numerals In the JZiZ!^ T members as used ,n »e apparatus shown 
respectively with ink tanks 2a an^t 2 Tin Ink co^eS^ ^ m ' 9 , 5 - r6CO,din9 h6ads 1 a and 1b are in,e 9 ral 
recording heads la and tb. Basica.l p^iZo maX^ °" "* "W-^ thrau 9" the 

55 with the apparatus shown in Fig. 1 . FunS ^ in thfs ^mSm JS Tr f T,' 35 deSCrib6d 3b0ve in connection 
tank 2a on a carriage 4. while the recomina' head laTc^^T th f„ record,n 9 head 1a « moved together with the ink 
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recording medium, it is brought into contact with the recording medium. Alternatively, the heating means may be of a 
non-contact type where the recording medium is heated by applying infrared rays or the like or blowing hot air to the 
recording medium. 

EXAMPLES 

The present invention will be described in more detail with reference to the following examples, though it is not lim- 
ited to these examples only. 

A reaction solution and ink compositions were prepared according to the following formulations. 

Reaction solution 



Magnesium acetate tetrahydrate 


25 wt% 


Triethylene glycol monobutyl ether 


5wt% 


Glycerin 


20wt% 


Ion-exchanged water 


Balance 



25 Example 1 



30 


Pigment 






Cyan ink: 


C.I. Pigment Blue 15:3 
C.I. Pigment Blue 60 


1 wt% 
0.5 wt% 


35 


Magenta Ink: 


C.I. Pigment Red 122 


2 wt% 


Yellow ink: 


C.I. Pigment Yellow 109 
C.I. Pigment Yellow 110 


2.4 wt% 
1.8 wt% 




Liquid medium 




40 


Styrene/acrylic copolymer ammonium salt (molecular 
weight 7000, resin component 38%; dispersant) 


1.5 wt% 


45 


Grandoll PP-1000 (styrene/acrylic resin emulsion, resin 
component 45%, manufactured by Dainippon Ink and 
Chemicals. Inc.) 


7wt% 




Maltitol 




7wt% 




Glycerin 




10wt% 




2-Pyrrolidone 




2wt% 


50 


Ion-exchanged water 




Balance 



55 
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Pigment 






Cyan ink: 


C.I. Pigment Blue 15:3 


2.5 wt% 


10 


Magenta Ink: 
Yellow ink: 


C.I. Pigment Blue 60 
C.I. Pigment Red 209 
C.I. Pigment Yellow 137 
C.I. Pigment Yellow 1 73 


0.25 wt% 
3wt% 
1.5 wt% 
2.5 wt% 


15 


Liquid medium 




20 


Styrene/acryhc copolymer ammonium salt (molecular 
weight 7000, resin component 38%; dispersant) 

Voncoat 5454 (styrene/acrylic resin emulsion, resin com- 
ponent 45%, manufactured by Dainippon Ink and Chemi- 
cals, Inc.) 


1.5 wt% 
5wt% 


25 


Sucrose 
Glycerin 
2-Pyrrolidone 




10wt% 
10wt% 
2wt% 
Balance 




Ion-exchanged water 





30 

Example 3 



35 





Pigment 




40 


Cyan ink: 
Magenta Ink: 
Yellow ink: 


C.I. Pigment Blue 15:3 
C.I. Pigment Red 122 
C.I. Pigment Yellow 109 
C.I. Pigment Yellow 110 


2wt% 
2wt% 
2.4 wt% 
1.6 wt% 




Liquid medium 




45 
50 


Styrene/acryhc copolymer ammonium salt (molecu- 
lar weight 7000, resin component 38%; dispersant) 
Grandoll PP-1000 (sryrene/acrylic resin emulsion, 
resin component 45%, manufactured by Dainippon 
Ink and Chemicals, Inc.) 


1.5 wt% 
7wt% 


55 


Maltitol 
Glycerin 
2-Pyrrolidone 
Ion-exchanged water 




7wt% 
10wt% 
2 wt% 
Balance 
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5 



Pigment 




Cyan ink: 


C.I. Pigment Blue 15:3 


2 wt% 


Magenta Ink: 


C.I. Pigment Red 122 


4 wt% 


Yellow ink: 


C.I. Pigment Yellow 109 


5.94 wt% 




C.I. Pigment Yellow 110 


0.06 wt% 


Liquid medium 




Styrene/acrylic copolymer ammonium salt (molecu- 
lar weight 7000. resin component 38%; dispersant) 


1.5 wt% 


Voncoat 5454 (styrene/acrylic resin emulsion, resin 
component 45%, manufactured by Dainippon Ink 
and Chemicals, Inc.) 


5 wt% 


Sucrose 




10wt% 


Glycerin 




10 wt% 


2-Pyrrolidone 




2 wt% 


Ion-exchanged water 




Balance 



30 Example 5 



Pigment 




Cyan ink: 


C.I. Pigment Blue 15:3 


2 wt% 


Magenta Ink: 


C.I. Pigment Red 122 


3 wt% 


Yellow ink: 


C.I. Pigment Yellow 138 


3 wt% 


Liquid medium 




Styrene/acrylic copolymer ammonium salt (molecular 
weight 7000, resin component 38%; dispersant) 


1.5 wt% 


Voncoat 5454 (styrene/acrylic resin emulsion, resin 
component 45%, manufactured by Dainippon Ink and 
Chemicals, Inc.) 


5wt% 


Sucrose 




10 wt% 


Glycerin 




10 wt% 


2-Pyrrolidone 




2 wt% 


Ion -exchanged water 




Balance 



55 
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Exam ple fi 



5 





Pigment 






Cyan ink: 


C.I. Pigment Blue 15:3 


1.5 wt% 


10 


Magenta Ink: 
Yellow Ink: 


C.I. Pigment Blue 60 
C.I. Pigment Red 209 
C.I. Pigment Yellow 150 


0.5 wt% 
3wt% 
4wt% 




Liquid medium 




15 
20 


Styrene/acrylic copolymer ammonium salt (molecu- 
lar weight 7000, resin component 38%; dispersant) 
Grandoll PP-1000 (styrene/acrylic resin emulsion 
resin component 45%, manufactured by Dainippon 
Ink and Chemicals, Inc.) 


1.5 wt% 
5wt% 


I 


Sucrose 
Glycerin 
2-Pyrrolidone 
Ion-exchanged water 




10wt% 
10 wt% 
2wt% 
Balance 



30 Example 7 



35 


Pigment ~ 




40 


Cyan ink: 
Magenta Ink: 
Yellow ink: 


C.I. Pigment Blue 15:3 
C.I. Pigment Red 122 
C.I. Pigment Yellow 180 


2wt% 
4wt% 
4wt% 




Liquid medium 




45 


Styrene/acrylic copolymer ammonium salt (molecu- 
lar weight 7000, resin component 38%; dispersant) 
Grandoll PP-1000 (styrene/acrylic resin emulsion 
resin component 45%. manufactured by Dainippon 
Ink and Chemicals, Inc.) 


1.5 wt% 
5wt% 


50 


Maltitol 
Glycerin 
2-Pyrrolidone 
Ion-exchanged water 




7wt% 
10wt% 
2wt% 
Balance 



55 
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Example 8 



Pigment 




Cyan ink: 


C.I. Pigment Blue 15:3 


1.5 wt% 




C.I. Pigment Blue 60 


0.5 wt% 


Magenta Ink: 


C.I. Pigment Red 209 


4wt% 


Yellow ink: 


C.I. Pigment Yellow 74 


3wt% 


Liquid medium 




Styrene/acrylic copolymer ammonium salt (molecu- 
lar weight 7000, resin component 38%; dispersant) 


1.5wt% 


Voncoat 5454 (styrene/acrylic resin emulsion, resin 
component 45%, manufactured by Dainippon Ink 
and Chemicals, Inc.) 


5wt% 


Sucrose 




5wt% 


Glycerin 




15 wt% 


2- Pyrrol idone 




2wt% 


Ion-exchanged water 




Balance 



30 Comparative Example 1 



Pigment 




Cyan ink: 


C.I. Pigment Blue 18 


2wt% 


Magenta Ink: 


C.I. Pigment Red 67 


3wt% 


Yellow ink: 


C.l. Pigment Yellow 13 


2wt% 


Liquid medium 




Styrene/acrylic copolymer ammonium salt 
(molecular weight 7000, resin component 38%; 
dispersant) 


1.5 wt% 


Voncoat 5454 (styrene/acrylic resin emulsion, 
resin component 45%. manufactured by Dainip- 
pon Ink and Chemicals, Inc.) 


5wt% 


Maltitol 




7wt% 


Glycerin 




10wt% 


2-Pyrrolidone 




2wt% 


Ion-exchanged water 




Balance 



15 
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10 



15 



its b. T a h cT k S6tS ^ EXamp,6S 1 2 and Example 1 were used to eva.uate the hue o, compos- 

2 J JCTarS^et « «J» * Examples 1 an d 

amount of these inks used was formed on e£EZ££?Z ' ,0 the Cyan ink of 1 : 1 : 1 in terms ° f the 

Photometer manufactured S^E?5E " ^ meaSUred With Macbeth CE -™° *Pe«ro- 
on an a«b' coordinate, and the compos tSSESS^'E^ ??* I" meaSUr&d a * b * va,ues were P'°»* 
0. b* = 0 (achromatic color) determSy mffo^Son ** " the d ^ tance from a * = 

Aa*b* = (a* 2 +b' 2 ) 1/2 
The evaluation criteria are as follows. 

Aa*b*s 10... good (O) 
so Aa*b*> 10 ...failure (X) 

Evaluation P : Color development on plain paper 

no reaction solution printed thereon compar.son. ,nks were printed on the recording papers with 

S^SSST ° f 1,1656 ^ ^ ~** to the criteria. 



30 



35 



(1) Xerox P (Xerox Corp.) 

(2) Ricopy 6200 (Ricoh Co. Ltd ) 

(3) Xerox 4024 3R 721 (Xerox Corp.) 

(4) Neenah Bond (Kimberly-Clark) 

(5) Xerox R (Xerox Corp.) 

(6) Yamayuri (Honshu Paper Co., Ltd.) 



40 



45 



50 



55 



Evaluation 3: Ughtfastness 

the y F Z 6 r^l E ar^ a *> lid <1°°%*W image (3 cm x3 cm) of each of 

Seiko Epson Corporation) JrSS£2£d JIKSSSS* W ** "* * ™nuUred by 

(xenon Fade-O-meter) for 400 h" * reaC "° n S °' Utl ° n - and the P rinted 

were exposed to light 

thefo^ir^ 

ured with Macbeth ci-7000 spectrS^ri^t^^ 0 ! method specified in CIE ** meas- 

color of the printed image anJthe ZT^ p ZZ^afl^ \ f differenCe betwee " the 

based on the measured L*a*b« values and the EhtfSnTL ^ * evaluat.cn of the lightfastness was determined 
to the following criteria. "ghtfastness of the ink was evaluated in terms of hue change according 

a^e^ in the same manner as described jU st 

The color difference is defined by the ' ° d ' n9, 008,8(1 W " h tne reaction so,l *°"- 

Color difference: AE*ab = [(AL*) 2 + (a a *) 2 + (Ab ") 2 ] 1/2 
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Evaluation criteria are as follows. 

AE*ab ^ 5 for all of yellow, magenta, and cyan inks ... excellent «§)) 
5 < AE*ab ^ 10 for all of yellow, magenta, and cyan inks ... good (O) 
AE*ab > 10 for at least one of the three colors ... failure (X) 

The evaluation results are summarized in the following table. 



Table 1 



Example 


Evaluation 1 


Evaluation 2 


Evaluation 3 






Reaction solution 


Reaction solution 






Used 


Not Used 


Used 


Not Used 


1 


O 


O 


A 


© 


O 


2 


O 


O 


A 


© 


O 


3 


O 


O 


A 


© 


O 


4 


O 


O 


A 


© 


O 


5 


o 


O 


A 


© 


O 


6 


o 


O 


A 


© 


O 


7 


o 


O 


A 


© 


O 


8 


o 


O 


A 


© 


o 


Comparative Example 1 


X 


O 


X 


X 


X 




wherein x is in integer of 0 to 3; or, 

a pigment represented by the following formula (II): 
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10 



15 



20 




00 



or a mixture of the pigment represented by the formula (I) wrth the pigment represented by the formula (II). 
" 2 " M^itS^T" aCC ° rdin9 40 daim 1 ' WhBrein ^ Pi9ment repr6Sented b * the O 1CL Pigment 

3 ' ^^^^^'^o^ or2, whereinthe P «mentre P resentedby« 1 efor mu .a( l l) fe C... Pig- 



30 



35 



40 



45 



4 - 

5. The cyan ink composition according to any one of Cairns 1 to 4, which further comprises a resin emulsion. 

6. A yeHow ink composition for ink jet recording, comprising a pigment represented by the following formula (III): 




N— R— 




(III) 



9. The yellow ink companion according to any one of claims 6 to 8, which further comprises a resin emulsion. 
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10. An ink set for ink jet recording, comprising a cyan ink composition, a magenta ink composition, and a yellow ink 
composition, the cyan ink composition being one according to any one of claims 1 to 5. 

1 1 . An ink set for ink jet recording, comprising a cyan ink composition, a magenta ink composition, and a yellow ink 
5 composition, the yellow ink composition being one according to any one of claims 6 to 9. 

12. An ink set for ink jet recording, comprising a cyan ink composition, a magenta ink composition, and a yellow ink 
composition, the cyan ink composition being one according to any one of claims 1 to 5, the yellow ink composition 
being one according to any one of claims 6 to 9. 

10 

1 3. The ink set, according to claim 1 0, 1 1 , or 1 2, wherein the magenta ink composition comprises, as a colorant, a pig- 
ment represented by the following formula (IV): 



15 



20 




(IV) 



25 wherein X-, to X 10 each independently represent a hydrogen or chlorine atom or a methyl group. 

14. The ink set according to claim 13, wherein the pigment represented by the formula (IV) in the magenta ink compo- 
sition is C.I. Pigment Red 122 or C.I. Pigment Red 209. 

30 15. The ink set according to claim 14, wherein the cyan ink composition comprises C.I. Pigment Blue 60 or C.I. Pigment 
Blue 15:3. 

1 6. The ink set according to any one of claims 1 3 to 1 5, wherein the magenta ink composition further comprises a resin 
emulsion. 

35 

17. The ink set according to any one of claims 10 to 16, wherein the concentration of the magenta pigment in the 
magenta ink composition and the concentration of the yellow pigment in the yellow ink composition each are higher 
than the concentration of the cyan pigment in the cyan ink composition. 

40 18. The ink set according to claim 17, wherein the pigment concentration is not more than 6% by weight for all the ink 
compositions and the ratio of the pigment concentration (% by weight) of the cyan ink composition to the pigment 
concentration (% by weight) of the magenta ink composition to the pigment concentration (% by weight) of the yel- 
low ink composition is 1 : 1 to 2 : 1 to 3. 

45 19. A method for ink jet recording, comprising the step of: depositing a reaction solution containing a reactant and an 
ink composition onto a recording medium to conduct printing, 

wherein the ink composition is the cyan ink composition according to any one of claims 1 to 5, and 
the reactant breaks the state of dispersion and/or dissolution of the pigment to cause agglomeration. 

so 20. A method for ink jet recording, comprising the step of: depositing a reaction solution containing a reactant and an 
ink composition onto a recording medium, 

wherein the ink composition is the yellow ink composition according to any one of claims 6 to 9, and 
the reactant breaks the state of dispersion and/or dissolution of the pigment to cause agglomeration. 

55 21. A method for ink jet recording, comprising the step of: depositing a reaction solution containing a reactant and an 
ink composition onto a recording medium, 

wherein the ink composition is one in the ink set according to any one of claims 10 to 18, and 

the reactant breaks the state of dispersion and/or dissolution of the pigment to cause agglomeration. 
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• M ' ™f a ^° rding 10 any ° ne ° f Claims 19 to 21 • wherein ^ **> of ejecting droplets of the ink composition 

F£SEK* ,m t0 record an ima9e is performed after the step - ~ *• « £Z£ 

5 23 ' ^r th0d accordin 9 to an * one of cl * m s 19 to 21 . wherein the step of ejecting droplets of the ink composition 
^SSfiZT" 10 r6COrd " im39e " P6rf ° rmed b6fore 1,16 St6P ° f *^ the reactionVoZS 

» M ' ™aTne. h0d t0 "* ^ * 19 ,0 23 ' Wh6rein * he reaCtant is a P 0 '^ metal ■* and/or po.yal- 

25. The method according to Cairn 24. wherein the P olyva.ent metal salt is a salt of nrtric acid or a salt of a carboxylic 
is 26. A record printed by the method according to any one of claims 1 9 to 25. 
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(54) Ink set for ink jet recording and ink jet recording method using the same 



(57) A cyan ink, for ink jet recording, capable of real- 
izing good lightfastness and waterfastness and, in addi- 
tion, capable of realizing a good image, especially an 
image having good hue, and an ink set comprising the 
above cyan ink in combination with a magenta ink and a 
yellow ink are provided. The use of a combination of C. L 
Pigment Blue 60, 22, 64, or 21 with C.I. Pigment Blue 15 



: 3 as a cyan ink enables the formation of a good image. 
An ink set comprising this cyan ink composition in com- 
bination with a yellow ink comprising C.I. Pigment Yel- 
low 109 and C. I. Pigment Yellow 110 and a magenta ink 
comprising C.I. Pigment Red 122 or C.I. Pigment Red 
209 can realize a good image. 
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